A shift to 420C in an nrdA mutant causes a decrease in deoxyribonucleic acid synthesis without a concomitant decrease in deoxynucleotide triphosphate pools.
phates and thus generates all precursors for DNA synthesis (13, 18) . Wechsler and Gross (22) partially characterized and mapped a group of mutants unable to replicate DNA at 420C. Among this group of mutants was E101, a mutant that was characterized as having an immediate reduction in the rate of DNA synthesis, and the mutation was designated dnaF. Fuchs et al. (11) found that E101 contained a thermolabile Bl subunit of RDP reductase and changed the designation of this mutation to nrdA. They found that incubation of either crude extract or a 90% pure preparation of this mutant B1 subunit for 2 min at 45°C essentially destroyed all activity, whereas an equivalently purified parental enzyme lost no activity. Thus, it was assumed that a shift of a culture of E101 to 420C inactivated the B1 subunit of RDP reductase which depleted deoxyribonucleotide triphosphate pools and thus arrested DNA synthesis. However, in additional studies, it was observed that the deoxyribonucleotide triphosphate pools of E101 grown at 42°C were not depleted, and we began studies to explain this discrepancy.
In an attempt to correlate the abrupt change in rate of DNA synthesis with changes in the deoxyribonucleoside triphosphate pools, the nrdA mutant E101 and its parent, CR34 (22),
were labeled for two generations during exponential growth at 300C with 32P, and the nucleotide pools were analyzed at 300C and for 2.5 h after a shift to 420C. All four deoxyribonucleotide pools of E101 were lower than the level of the pools of its parent during growth at 300C (Fig. 1) . The nrdA mutation was transferred to different genetic backgrounds via P1 transduction, and these strains were analyzed in a like manner and were found to behave similarly (data not shown). This finding was not unexpected because it had previously been found that in derepressed cultures of E101 and CR34 grown at 300C the RDP reductase activity of E101 was only 5% of that found in CR34 (11) . Lower deoxyribonucleotide pools in E101 would be expected to decrease the rate of DNA elongation which would be compensated for by an increased number of replication forks which would increase the level of RDP reductase synthesized (8) , thus allowing the cell to compensate for the defect in RDP reductase (the data in Fig.  3 suggest that there are more replication forks). However, it was surprising to find that the deoxyribonucleotide pools did not rapidly decrease after the shift to 420C. In fact, the pattern of pool changes seen in E101 is quite similar to that in CR34 for the entire 2.5-h period (Fig. 1) . During this period the relative differences in pool levels observed at 300C is maintained. Similar results were found for thymine prototrophic strains harboring the same mutation (data not shown).
These data are difficult to reconcile with the observation of Wechsler and Gross that E101 exhibits an immediate decrease in DNA synthesis at 420C. Extensive mapping of nrdA (10) as well as examination of revertants (4 and unpublished data) has shown that the defects of DNA synthesis and RDP reductase are caused by a single mutation. Although Dermody et al. also reported that E101 was defective in DNA synthesis, they reported a delay before DNA synthesis decreased after a shift to 420C (4 In studying these strains harboring the nrdA mutation, we have found them to exhibit a sharp decrease in their rate of DNA synthesis upon shifting to 420C while at the same time displaying little or no decrease in the deoxyribonucleoside triphosphate pools. Two possibilities that may explain this apparent dichotomy are, first, RDP reductase may have a more direct effect on DNA synthesis than just production of deoxyribonucleotides. We wanted to test the possibility that ribonucleotide reductase was part of the DNA replication complex (1, 19) and that changes in the mutant enzyme at 420 would inactivate the replication complex. For T4-infected E. coli cells, it has been reported that the T4 DNA replication complex contains at least some of the enzymes needed for synthesis of (0) treated and counted as previously described (2) . deoxyribonucleoside triphosphates and that mutations in genes coding for these enzymes could directly affect DNA synthesis (3, 5, 15, 24) . A second possibility is that there may be a local- (20) . These ether-treated cells were assayed for in vitro DNA synthesis in the presence of the four deoxyribonucleoside triphosphates (20) at both 30 and 42°C. The in vitro rate of DNA synthesis is two-to threefold greater at 42°C than at 30°C for both strains when grown at 30°C or even after 2 h after the shift to 42°C (Fig. 3) . Thus, the effect of the nrdA mutation on DNA synthesis is not present when deoxyribonucleoside triphosphates are supplied in vitro. Figure 3 also indicates that the mutant has a 2.5-fold greater specific activity of DNA synthesis than its parent when grown at 30°C. This would be expected if the decreased deoxyribonucleotide pools found for the mutant decreased the rate of DNA elongation in vivo and caused increased initiation of DNA replication as has been reported for suboptimal concentrations of TTP (16) . The parent increases the in vitro specific activity of DNA synthesis after a shift to 42°C and thus faster growth conditions, whereas the mutant decreases its specific activity of in vitro DNA synthesis suggesting that either DNA replication forks in the mutant are being degraded or there is a failure to initiate new replication forks while protein synthesis continues to increase (Fig. 3) . This experiment failed to indicate any direct effect of the nrdA mutation on DNA synthesis. However, caution must be taken in this interpretation because the in vivo complex may not be preserved during treatment of these cells.
To test the possibility of the RDP reductase enzyme being situated near the replication complex, thus allowing for a localized pool of deoxyribonucleotides, we sought evidence for a physical association of the enzymes and cellular structural components. Such an association has been previously suggested (6, 21 (20) . Symbols: KK1082 assayed at 30°C (0), and at 42°C (0); K1083 assayed at 30°C (A) and at 42°C (A). 
